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0 Modified heparins and obtention process. 

@ The present invention relates with modified heparins having antithrombotic activity. 

The invention also relates with a process of preparing such modified heparins starting from water insoluble 
heparin ammonium quaternary complexes. 

Rnally. the invention relates with phamiaceutical compositions containing the above modified heparins. 
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Modified lieparins and obtention process 

This invention refers to modified heparins having antithrombotic activity by oral administration, a 
method to obtain said heparins and pharmaceutical compositions containing them. 

Heparin is one of the best known natural substances used in therapy due to its unreplaceable 
anticlotting and antithrombotic activity. 

Heparin is a complex heteropolysaccharide made by repeating disaccharide units. Each unit is made by 
a uronyl residue bound to glucosamineO- and N-sulfate. 

Uronic acids in the sequence are alternatively: D-glucuronic. L-iduronic. L-iduronyl-2-sulfate. 

Glucosamine is sulfated in positions corresponding to the amino and 6-hydroxy groups. In some 
sequences also a peculiar glucosamine trisulfate is found, having an extra hydroxy group in position 3. This 
glucosamine trisulfate. although representing only a small fraction of the total glucosamine in tiie heparin 
molecule, is basically significant for the anticlotting activity. 

On tills basis, tiie natural heparin could be describ ed under the following formula: 




where: R = H or -SO3- m/n:2:1 m + n = about 20(average) 

This formula shows that tiie only hydroxy group that is always free in the heparin molecule is the one in 
position 3 of the uronic acid. 

The many different biological and pharmacological activities of heparin are the consequence of intricate 
and partially not well understood biomolecular mechanisms. Actually, we know that the anticlotting activity 
of heparin is related to its specific link witii a protease pro-inhibitor known as antithrombine 111 (At-lll). The 
specific site in tfie heparin for the bond formation with At-lll is a pentasaccharide sequence having 
glucosamine tri-sulfate in its centre. 

On tiie other hand, tiie heparin anticlotting activity is not stirictiy necessary and proportional ot its 
antithrombotic activity. 

On the contrary, in many instances it is desirable to reduce the anticlotting activity whenever this 
activity can be identified with a hemorrhagic effect. In fact, some modified heparins having low anticlotting 
activity show an optimal antithromtx5tic effect. These preparations are considered as a great improvement 
on normal heparins, as they act with a tiierapeutical action of paramount importance in the prophylaxis of 
thrombosis jointiy with a lower risk of hemorrhage. 

It is now accepted that tiie antithrombotic effect can be roughly evaluated in vitro through the assay of 
ttie specific factor X activated inhibition (anti-Xa activity). 

Unfortunately, heparin is active only when administered by parenteral route and is not orally absorbed. 

The low or null biodisponibility of tiie orally administered heparin hampers its use in long term ttierapies 
and prevents patients in "tiirombogenic state" fi'om keeping constant levels of anti-Xa activity. 

Heparin is not orally absorbed essentially for 3 reasons: 

1) It is a high molecular weight polymer (12000-15000 0) and tiiere are no enzymatic mectianisms in 
the digestive tract or in tfie bloodstream able to split heparin molecule. 

2) It is an extremely hydrophyllc substance (partition coefficient in n-octanoVwater less than 0.01). 

3) It is a highly ionlzable compound. 

The heparin controlled depolymerization can be obtained through various metiiods described in tiie 
literature: nitrous acid treatment, beta-elimination, peroxydolysis. atomic oxygen action, molecular sieve 
fractionation. Therefore, at present, it is quite simple to obtain heparin fractions having a mean molecular 
weight ( RW) lower ttian the commercial heparin, showing high anti-Xa and low anticlotting activity (LMW 
Heparins), but depolymerization, per se. is not sufficient to attain an oral heparin. In order to obtain by semi- 
synthesis new molecules of heparin^derivates witii high anti-Xa activity as well as the possibility of oral 
absorption, we have settied an original process which allows us, just in one step, both to substitute the 
sulfate group in the amino nitrogen of the heparin and to esterify specifically tiie hydroxy group in position 
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3 of the uronyl residue with the same acyl groups. Urujoubtedly, this double substitution occurs if the 
hydroxy group has not been previously etherified or esterified. 

Our process to obtain heparins Intended for oral administration, as claimed in the present invention, 
starts with heparins complexed with ammonium quaternary basis (NQ*). The complexes must be insoluble 
5 in water and therefore easily isolable. They are well known In the literature, as for instance, complexes 
prepared with cetyl trimethyl ammonium or cetyl pyridinium halides. These complexes, although insoluble 
in water, can be spilt In saline solutions and they are soluble or can be solubllized in hydrate form in some 
organic solvents such as dimethylfonnamide (DMF), dimethylsulfoxide (DMSO) or acetic anhydride. 

III mXS lOOWUUtl Wl UIVWIIMWtl \WW%* «#M*t>Wt«*<«ir , ff --^ — _- - ^ - 

10 presence of an acyl canier (pyridine or perchloride acid), the complexing agent -NQ acts as a protector, 
an esterification orienter and penmits to run the reaction in a homogeneous phase. 

Scheme 1 

'5 yh^ COO* CH^05CjJs/fi 



yr ^ coo* cPj^o^CjN^ 
coo* i J 
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where: R = H or SO3NQ 

A = alky I. aryl or alkyl-aryl groups. 
30 In a further step. -NQ is easily removed by splitting the product of reaction in a saline solution (as for 

instance. 2 M NaCI) and precipitating the compound by addition of a water-miscible solvent (ethanol, 

methanol, acetone), where NQ salts are soluble and therefore can be removed. 

Compounds like shown in scheme 2. are obtained in this way. These compounds are less hydrophylic 

and less ionized than the heparin and show high anti-Xa activity. More hydrophylic and more ionized 
35 compounds are obtainable if the uronic carboxy group is esterified before or after the reaction (see scheme 

2. Ill) and if the residual sulfate groups are complexed, after the completion of the above-mentioned 

reaction, with quaternary ammonium bases (NQ1). able to form water-soluble complexes in water, as for 

instance choline betaine, carnitine, tetraethyl or tetrabutyl ammonium hydroxides (see scheme 2. IV). 

As a whole, the entire process described in scheme 2, permits to obtain compounds II. III. IV. in high 
^ yield. All these compounds are endowed with anti-Xa activity and with less hydrophylia and ionicity than the 

starting heparin. 
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Scnene I 




If an esterification on the carboxy group has been made before the acylation step, intermediate 
compounds with formula V. and their related complexes (Vl). can be isolated: 




If the hydroxy group in position 3 of the uronyl residue has been already blocked by esterification or 
etherification, acylation will occur only in the amino group. 

This pattern is useful in case it is desirable to obtain compounds having different substituents in the 
hydroxy group 3 and in the amino group. 

The following examples, not limiting for the claims. descrit)e better the procedure leading to products II. 
Ill, anc IV of scheme 2. 



Example 1 



a) 20 g of a complex LMW Heparin-CTA (LMW Heparin = 5500 D. USP potency = 71 u/mg. anti- 
Xa= 90 u/mg; CTA = cethyl trimethylammonium) are suspended in 100 ml DMF and 10 ml pyridine are 
added. Heat to 60* C and add. by dropping and stirring, 8 ml of benzoyl chloride. The reaction is completed 
in 20 minutes. Add 1000 ml of 2% NaHCO. solution in water. Collect the precipitate (I) and dissolve in 100 
ml of a 1 1 7 g/1 NaCI solution. Precipitate with 300 ml of ethanoi/acetone 1 : 1 mixture Re-dissolve tiie 
precipitate in 30 ml of NaCI solution as above and reprecipitate with 100 ml ethanoi/acetone. Collect the 
precipitate, dehydrate with acetone and vacuum dry. Yield: 10 g of II. showing positive reaction to 
hydroxylamine/Fe"', USP potency = 27 u/mg, anti-Xa= 80 u/mg.. APTT= 23 u/mg. 

b) 10 g of II are suspended in 100 ml butanol at 5*C and added with 0.5 ml of cone. HCI. Leave 
during 72 hours at 5* C by stirring. Filter and repeatedly wash witii acetone. Vacuum dry. Yield: 9 g of III 
showing very positive reaction with hydroxylamine/Fe*". USP potency: 23. anti-Xa= 85. and APTT= 19. 

c) 9 g of 111 are dissolved in 50 ml of Dl-water. add 1.50 g of choline chloride and precipitate the 
complex IV by additon of three volumes of a mixture 1:1 ethanoi/acetone. Repeat tiiis last step. Vacuum 
dry. Yield: 9 g of IV with USP potency = 25. anti-Xa= 90 and APTT= 17. 
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Example 2 



a) 20 g of V-CP complex (obtained by butilation of the uronic carboxy group in the heparin and 
5 subsequent isolation of the complex with cetylpyridinium chloride CPC) are suspended in 100 ml DMF and 

added with 10 ml pyridine and 5 ml Ol-water. Heat to 50* C and add by dropping and stirring 10 ml acetic 
anhydride. The reaction is completed In thirty minutes. Proceed as in Example la). Yield: 10 g of III. 
showing a strong positive reaction with hydroxylamine/Fe"", USP potency = 25 and anti-Xa activity = 90. 

b) 9 g of 111 are aissoivea in ou mi or wawr. riuwe«u oo m t-Aoiupw .w/. ..w.«. w « ^ 7-- 

TO potency- 22. anti-Xa = 92. 

Example 3 



15 a) 20 g of Heparamine-3-butyl ether-CTA complex (obtained by N = desulfation of heparin, follwed by 

etherification of uronic hydroxy group in position 3 and isolation of the complex obtained with cethyl 
trimethyl ammonium halide). are suspended in 100 mi of acetic anhydride and added with 0.5 ml of 

* concentrated perchloric acid. Heat during 30 minutes by stirring at 30 C; add 800 ml of Dl-water. collect 
the precipitate and dissolve it in lOO ml of a 177 g/I NaCI solution. Proceed as in Example la. Yield: 10 g of 

20 II. showing positive reaction with hydroxylamine/Fe"'. USP potency = 10 and anti-Xa = 75. 

b) 10 g of II are suspended as in Example lb). Yield: 9g of III. having a sfrong reaction with 
hydroxylamine/Fe"'. USP potency = 12 and anti=Xa = 84. 

c) 9 g of 111 are processed as in Example 1c). Yield: 9 g of IV. USP potency = 12 and anti-Xa = 90, 
Table 1 hereinbelow enclosed summarizes comparative data for some of the compounds described in 

25 the examples, compared with the starting materials. 
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Claims 

1 . Modified heparins having antithrombotic activity for oraJ administration, characterized by the presence 
of acyl esters in the amino group of glucosamine and in the hydroxy group 3 in the uronyl residue. 

2. Heparins according to claim 1 . in which the uronic carboxy group is free or esterified. 

3- Heparins according to claims 1 or 2, in which the sulfate groups are complexed with quaternary 
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ammonium basis having Ci-C* substituents. able to fomn water-soluble complexes. 

4. Heparins according to claims 1 to 3. characterized by having the following properties: octanol-water 
partition coefficient higher than the starting heparin, conducfivity lower than the starting heparin, anti-Xa 
equal or higher than the starting heparin, total anticlotting activity equal or lower than the starting heparin. 

5. method to obtain the aforesaid heparins according to claim 1 , in which the acylation is performed 
on the amino and hydroxy groups in homogeneous phase, in one step, starting from water insoluble heparin 
ammonium quaternary complexes, operating In non«aqueous solvents capable to dissolve the complexes, 
by reaction with organic chlorides or anhydrides in presence of an acyl-carrier catalyst at a temperature 
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6. Phanmaceutical compositions containing heparins according to claim 1. including an adequate 
exdpient and the aforesaid heparins. 
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